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Abstract
This paper reports on an investigation into how mobile phones could be used to enhance teaching and learning in secondary school science. It describes four lessons devised by groups of Sri Lankan teachers all of which centred on the use of the mobile phone cameras rather than their communication functions. A qualitative methodological approach was used to analyse data collected from the teachers’ planning, observations of the lessons and subsequent interviews with selected pupils. The results show that using images and video captured on mobile phones supported the teachers not only in bringing the outside world into the classroom but also in delivering instructions, in assessing students’ learning and in correcting students’ misconceptions. In these instances, the way the images from the mobile phone cameras supported students’ learning is explained using a variety of approaches to understand how images support learning. 




Science, as taught in schools, is perceived as a difficult and inaccessible subject for many students (Simon & Osborne, 2010) which may well be due to the fact that much of science learning is concerned with understanding processes that cannot be easily observed as they may be too small, too slow or on too large a scale (Webb, 2010). Therefore, a common practice in teaching science is for teachers to use a variety of different means of communication such as gestures and actions, photo and video evidence, statistics, diagrams, tables, graphs, demonstrations, models etc. in addition to the teacher’s talk. Kress et al.  (2001) consider that each of these communication modes has different potential to support teaching and learning and, when the teacher uses them in combination in communicating scientific concepts or phenomena in the classroom, they contribute powerfully to students’ understanding. However, as each mode has its own value and limitations,  the onus on the good teacher is to employ these modes appropriately, i.e. in the right place at the right time for the right reasons (Wellington & Osborne, 2001).
When examining the use of visual modes in science teaching, it seems obvious that they can facilitate the teacher in making invisible scientific concepts and phenomena such as sub-atomic structures and interactions, into that which is visible and thus support students’ understanding. Indeed the use of such visuals in science classroom has increased rapidly in recent years with new technologies becoming available to teachers worldwide, particularly the data projector and interactive whiteboard (Hennessy et al., 2007; Webb, 2010). Other available technologies include handheld devices such as mobile phones and personal digital assistants (PDAs) with integrated cameras both of which have been trialled as learning tools in classrooms in a wide range of countries. Nyíri (2002) specifically noted the convenience of images as vehicles for communicating ideas and the advantages of a learning environment containing not just text but also pictures when outlining his philosophy of mobile learning. Image capture using mobile phones is proving particularly promising as the images can be used in both still (Hartnell-Young & Heym, 2008) and dynamic forms (Hoban, 2009) and can be presented in interesting ways (Ekanayake & Wishart, 2010; Kearney & Schuck, 2006). 
It should be noted though that cameras are only one of the functions appearing on present-day mobile phones and PDAs. Kukulska-Hulme & Traxler (2005) recognize Short Messaging Service (SMS), Multimedia Messaging Service (MMS), video, camera, the internet, voice recording and Bluetooth as functions; and the personal, informal, contextual, portable and ubiquitous nature of these handheld devices as attributes. In a country such as Sri Lanka where mobile phone ownership vastly outnumbers access to computers, it appears worthwhile to explore how these different functions and attributes of mobile phones or PDAs could be employed in teaching and learning science. Science is currently taught in Sri Lankan schools from grade 1 to grade 13. It is first introduced for grades 1-5 as environment related activities, then as integrated science (chemistry, physics and biology) for grades 6-9 and as separate sciences to grades 10 and 11 for General Certificate of Education Ordinary Level (GCE O/L) examination and to collegiate level (grades 12 and 13). General practice in science lessons entirely depends on the resources in the school and number of students in a classroom. It is not uncommon to see a data projector, in a survey of 152 science teachers (Yatigammana Ekanayake, 2012) 62% had used PowerPoint in their teaching whereas less than 4% had access to cameras. Usually science lessons are conducted in classrooms and once or twice a week students go to a science laboratory to carry out experiments relating to their lessons. However, this depends on the availability of a science laboratory.   
This paper presents selected instances from a study of a professional development initiative set up to explore how Sri Lankan science teachers might employ different functions and attributes of mobile phones to enhance the effectiveness of their teaching and learning.   The episodes from lessons presented here were notable for the way they prompted deeper consideration of the potential of using mobile phone cameras to enhance science teaching and learning.  
Previous research into using portable cameras in science teaching
A number of small-scale studies that are reported in recent research literature highlight the support of a range of personal, handheld devices such as digital cameras, mobile phones and PDAs to capture images and thereby enhance science teaching and learning.  However, these studies tend to involve no more than the occasional class or two and be reliant on teacher perceptions of the intervention. In one example, Siraj-Blatchford (2006) describes how having digital cameras in the classroom has enabled even young children to capture images to record observations say, on the growth of plants, which, their teacher reported, enabled the children to both clarify and consolidate their learning. Hartnell-Young & Heym (2008) also report a study where school students (secondary) used mobile phone cameras to capture experimental observations on plant growth. Though learning gains were not formally evaluated in this case either, both students and the teacher reported that these images provided a chance for them to retrieve material if necessary, validate their physical observations and to reflect on the evidence captured over time.
In another study, that did employ assessments of children’s learning well as teacher perceptions of effectiveness, Lias and Thomas (2003) report how a class of 8 to 9 year olds used images of themselves carrying out science activities to describe what they had been doing, their reasons for doing it, what they had found out and why. This led to better than usual reporting back of their experimental results to the class and, in a test several months later, both the children’s recall of the activity and their understanding of the associated science were significantly improved when they were shown their images. Evidence of enhanced learning through the use of images was also seen in much older children by Tatar & Robinson (2003) whose experiment showed that the use of digital cameras to document each stage in their experiment enhanced US high school biology students’ understanding of scientific procedures. 
Capturing images is also reported to support students’ involvement in science learning activities outside the classroom. Lai et al. (2007) note the speed with which PDA cameras can be used to capture information during field trips and point out that it is easy to take multiple images to highlight certain characteristics of plants and animals. They observe that photo taking with mobile technologies ‘affords’ a rapid access interface for note taking and speculated that such notes can serve to aid in retention when out of the learning environment. Toh et al (2012) argue that using mobile phones for activities like this can support ‘seamless learning’, that is learning that connects physical settings (inside class and outside school, for example). 
When the above studies are examined, it is clear that the portable nature of the digital camera, PDA or mobile phone facilitated their use in science teaching and learning and that the teachers involved reported that the use of the camera enhanced the learning experience through associated imagery. However, this leaves an open question as to how such enhancement might actually occur.
Theoretical Background
Mechanisms by which images support learning put forward in relation to new technologies are drawn largely from information processing approaches to understanding learning. For example Kozma (1991) considers that, when working with text and pictures, learners initially use the pictures to evoke a schema that serves as a preliminary mental model of the new situation or topic. However, Kozma’s ideas led to a lengthy debate with Clark (Clark, 1994, Kozma, 1994) as to whether any medium could be said to produce learning as opposed to the instructional activity employing the medium. This debate was restructured by Jonassen et al. (1994) drawing attention to the role of the learner and their intervening cognitive processes. They propose that, in learning with as opposed to from media, the most productive roles for media are as computational and memory tools.
Mayer (1997) views the learner engaged with multiple media as a knowledge constructor who actively selects and connects pieces of visual and verbal knowledge. Through his later work on multimedia instruction in an American university Mayer concludes that students learn from images as well as words through active processing of knowledge represented and manipulated through both a visual-pictorial mental channel and an auditory-verbal channel  (Mayer, 2003). Meaningful learning occurs when a student actively selects relevant pictures and words, organizes them into verbal and pictorial models (akin to Jonassen et al.’s (1994) computational and memory tools) and integrates them with their existing knowledge. Taking a neuroscience approach Mayer and Moreno (2002) point out that these active learning processes are more likely to occur when corresponding verbal and visual representations are in the working memory at the same time. Van Scoter (2004) also links the benefits of using images in teaching to increased cognitive processing. She particularly highlights the role of the captured digital image in providing opportunities to review and thus reinforce the learning opportunity as also seen in the studies described earlier (Lias & Thomas,2003;  Siraj-Blatchford, 2006 and  Hartnell & Heym, 2008). In addition Van Scoter (2004) notes how engaging children find using digital cameras. This was also observed in the older students participating in the study by Tatar and Robinson (2003) who reported that the increased motivation in the students involved with the cameras was obvious.
This paper does not seek to question which of the above approaches is most relevant to understanding learning rather it seeks to explore through detailed analysis of a professional development initiative whether they can be used to illuminate the processes involved in learning science with the support of mobile phone camera images.
Method
The professional development initiative was conducted with eighteen science teachers (5 male and 13 female) purposively selected for their competence in and positive attitude towards the use of mobile phones as seen in their responses to an earlier survey (that was completed by 152 secondary school teachers across the Central Province of Sri Lanka). As the purpose of the study was to investigate how mobile phones could be used to enhance science teaching and learning, it was essential to select a group of teachers who have the confidence to implement a lesson in the classroom using mobile phones. The majority of the participants were very experienced teachers with eight having 15 or more years, four 11-15 years, five 6-10 years of teaching experience with only one having 5 or fewer years. All were over 30 years of age; four were over 40 and one over 50.  
The initiative comprised a preliminary three day Planning Workshop where teaching activities using mobile phones were devised for four different lessons and tested, the implementation of the planned lessons (one in each of four schools) and a subsequent one day Reviewing Workshop. It was supported by a loan of 20 mobile phones from a local telecommunications provider which were used for three of the four lessons. Of these phones, 12 had both camera and Bluetooth functions. For the remaining lesson, on ‘household chemicals’, students used their own mobile phones. All teachers also had their own mobile phone.




Table 1: Profiles of classes where lessons were implemented
Lesson	Grade	 Duration (minutes)	No of students	School​[1]​	Attributes	School size (number of students)
Household chemicals	Grade 11	80	30	Type 1C Semi-urban	MixedIndependent 	~1000
Functions and reactions of a simple voltaic cell	Grade 10	80	26	Type 1ABSemi-urban	MixedGovernment maintained	~1500
Investigating the mutual relationships between organisms and the environment  	Grade 11	80	32	Type 1ABUrban	GirlsGovernment maintained	~2000





Afterwards the teachers came back together for the Reviewing Workshop where the four presenting teachers shared their experiences with the others and the whole group reflected on the new use of technology in teaching. During the workshops, the researcher’s role changed; in the planning stages and the lesson implementations she provided technological and pedagogical expertise and, during the lesson implementation, she also acted as a participant observer. However, during the Review Workshop she acted only as an observer.
Throughout the workshops and the lesson implementations data were collected through: 
	observation via video and audio recording of the two workshops and all four lessons;
	the collection of written materials (teachers’ notes, researcher’s field notes) and 
	the post-lesson students’ comments in informal interviews. 
These post-lesson interviews were conducted with 5-6 students selected individually at opportunity following each lesson. They were guided by two focal questions asking how this particular lesson was different from their usual science class and for their views related to their participation and interactions. In addition, if an unanticipated use of the mobile phone was observed during the lesson implementation, the reason for doing so was sought. 
These data were collated, translated and transcribed and analysed as a whole using Thematic Network Analysis (Attride-Stirling, 2001) with the support of NVivo8 qualitative data analysis software. The goal of thematic analysis is to reduce the data into a set of representative themes through a process of coding. With NVivo8, short clips of texts, audio and video data that the researcher considers to be associated with a particular theme are assigned to a ‘node’ and the nodes can be organized into networks through higher-level ‘organising’ and ‘global’ themes in order to show any observed patterns in the data.
The four lessons were as follows:
Lesson 1:  Household chemicals (grade 11)
Prior to the lesson the teacher had asked students to take photos (using mobile phone cameras) of household chemicals. At its start students, named at opportunity, transmitted their images to the teacher’s computer using Bluetooth after which the teacher ran a group discussion about these pictures, classifying them as detergent, food additives, cosmetics and medicines and creating a Photostory with the students. Photostory is software that enables the user to add text to images, order them and to create transitions between images. This was followed by groupwork with each group of students creating a poster (on paper) representing one category of household chemicals and presenting it to the class. Finally, the teacher Bluetoothed the Photostory to group leaders’ mobile phones and assigned homework based on it. Group leaders then shared the file with other group members. The teacher assessed students’ learning by marking the associated homework.
Lesson 2: Functions and reactions of a simple voltaic cell (grade 10)
The students were divided into 5 groups and each group was provided two mobile phones, a natural fruit, connecting wires, a galvanometer and two small metal plates.  The teacher Bluetoothed a video clip to the students’ mobile phones, showing them how to construct a simple voltaic cell using the given fruit and record any electric current produced. Each group set up their cells using different combinations of metals and videoed their observations, sending them to other groups via Bluetooth. Students then presented their observations to the rest of the class via a poster made with support from the video recordings as shown in Figure 1. Finally the teacher sent four questions based on the lesson to each groups’ mobile phone via SMS to evaluate students’ learning, received answers and sent feedback via SMS.
----Figure 1. Completing the poster by revisiting the galvanometer recording about here ----

Lesson 3: Mutual relationships between organisms and the environment (grade 11)
The teacher introduced levels of organization in ecosystems using a Photostory which contained images familiar to students from the school garden captured using the teacher’s mobile phone. The students were then assigned in groups of six (with roles such as photographer, writer and their assistants, a worksheet and two mobile phones for each group) to examine four locations in the school garden. Upon returning to the class each group Bluetoothed five images taken in their assigned locations to the teacher’s computer. Then each group presented their findings using the pictures displayed on the teacher’s computer and their completed worksheet. The teacher assessed each group on their worksheets, captured images and presentations.
Lesson 4: The diversity of leaves (grade 6)
The teacher introduced the concept of diversity using a PowerPoint presentation that contained images captured from the school garden using her mobile phone. Then the students went in groups to the school garden and collected images of a range of plant and tree leaves using mobile phones (each group was provided with two mobile phones). Based on these images, each group constructed a dichotomous key and presented it to the class. After each presentation, the teacher pointed out the important facts to note. The teacher assessed student groups’ knowledge and understanding based on their presentation and the images that the students had saved on their mobile phones.
Findings 
Data analysis started with the development of an initial coding framework derived from published research findings on pedagogy and the pedagogy of mobile learning such as work by Shulman (1987), Taylor (2002) and Kukulska-Hulme & Traxler (2005). This was then refined by adding new codes that emerged from reviewing the data (the text from the paper-based data materials, the video and audio data files). Thus the initial codes for the basic nodes were modified in the light of the data so as to obtain a set of codes that were fit and powerful enough to ‘slice’ the transcribed data into meaningful segments. After this, each segment was assigned to the relevant Nvivo8 node and the nodes were reviewed to create a broad set of individual basic themes which, it was found, could be grouped by organizing themes and then, more globally, into three superordinate themes of planning, implementation and evaluation. Within each of these, organizing themes that centred on the use of images captured using the mobile phone camera could be seen. These included bringing the outside world into the classroom (in both planning and lesson implementation), delivering instructions (during lesson implementation) and assessing learning and correcting misconceptions (during both implementation and post-lesson evaluation). Evidence for these three organizing themes is presented below.

Theme 1-Mobile phone images supported bringing the outside world into the classroom making use of authentic contexts and students’ science learning personally relevant
Mobile phone images were used to bring the outside world into the classroom by both teachers, preparing teaching materials that represent the scientific concepts and students, bringing images from home and the school garden to the classroom as learning materials.
For example, during the planning stage of both the lessons on ‘environmental relationships’ and ‘diversity’ the teachers used images captured locally to create teaching aids to be used in the lessons. The aim of this was to explain the related scientific concepts from a context that was already known to the students to embed their understanding of the science. A teacher from the group that planned the lesson on ‘environmental relationships’ explained: 
When we were planning our lesson we wanted to use the images that are familiar to students when introducing the concepts related to organisation levels of an ecosystem (…) because we know by doing that we can easily link the concept with what students already known about the image. 
                                                                                       (Review Workshop/ Teacher 13)
This was corroborated by the students’ reports. For example:
Today our teacher started the lesson by showing a programme​[2]​. He used the data projector (…) it was very colourful. It consisted of images, texts and also music. It was attractive to our eyes. The images he used were already known to us because they were from our school garden. Therefore we could easily understand what the teacher said and also easily we could answer his questions.
(Student Comment/ Lesson Implementation/ Lesson 3)
Further data revealed that the personal nature and portability attribute of mobile phones facilitated this process because the teachers used their own mobile phones which were to hand in their pockets or handbags to capture relevant images for their teaching aids irrespective of the time or their location. 
Secondly, in three of the four lessons, having mobile phones enabled the students to bring images from their extended environment into the classroom as learning materials. For instance during the lesson on ‘household chemicals’, students brought in images of cleaning fluids, cosmetics etc. from home. Observation of this lesson highlighted the use of Bluetooth to send images to the teacher’s computer which were then easily displayed to other students via the data projector. Moreover, it was observed that using the students’ own images resulted in high levels of student participation for having personal, prior knowledge of image content motivated students to answer the teachers’ questions and to present their own ideas during whole group discussions. A student reported:
The lesson was very interesting and different. Because, most of the things the teacher discussed were based on our photos. We all brought these pictures from our house and before getting photos we read the labels. Therefore, we answered the teacher’s questions better than in the other lessons. 
(Implementing Lesson\Lesson 1\Audio files\Students' view)
In two of the other lessons students went outside to capture evidence from their school environment as images (Figure 2). 
-----Figure 2 Capturing images from the school garden about here-----

One of the students described this experience as follows:
We used the mobile phone camera to capture images of the mutual relationships between organisms and the environment, and brought the images from the school garden into the classroom. This was a different experience. We could see the relationships in the real world. We studied them; we discussed them and captured the relevant images (…). Finally, we presented our findings for the other groups while showing images as evidence.
(Implementing Lesson\Lesson 3\ Student View\Audio Files) 
Similarly, during the lesson on ‘diversity’, the students brought images of leaves into the classroom. Their teacher described how having the camera phones had changed their practice:   
During previous years I asked students to bring the leaves to the classroom and classify and prepare a dichotomous key. I found that some students brought branches damaging the plant (…) but this time (…) I saw how the students captured the images, (...) after carefully examining the differences among leaves and also discussed it with the group members.
(Teachers Interview\After the Lesson 4\Audio\ Teacher 15 (​..​/​..​/​Application Data​/​Cyrusoft​/​Janaka​/​Application Data​/​Home PC​/​Application Data​/​Cyrusoft​/​Mulberry​/​Temporary Files​/​View Attachments​/​Chapter 6​/​Reviwing​/​8c3fea4f-3eeb-4d42-a5cc-643ac2606309​))
As well as supporting conceptual understanding using the mobile phone cameras could be seen to be playing a part in developing the students’ observational skills. One student reported that when using the camera phone she had to use ‘a different eye’ to observe carefully in order to capture images of relationships between the organisms and the environment. She also said that this led her ‘to see unknown, interesting and amazing things’ that are found in the environment. 
 (quotes from Implementing Lesson\Lesson 3\student view\Audio files)

Theme 2- Mobile phone images supported the delivery of teachers’ instructions on how to do a scientific experiment enabling students to review the correct procedure as many times as necessary 
At the start of the lesson on ‘the simple voltaic cell’, a short video clip was Bluetoothed to student groups’ mobile phones by the teacher to explain how to carry out a scientific experiment. The video showed step-by-step instructions to construct a simple voltaic cell using a piece of fruit, connecting wires, a galvanometer and electrodes. During the Review Workshop, one teacher from the group expressed why they wanted to send instructions as visuals: 
During our planning we discussed and agreed to send instructions of how to buildup a simple voltaic cell as a video clip because by viewing it students can understand the procedure clearly rather than understanding by listening to verbal instructions or reading a worksheet. 
 (Workshops\Day 4-Reviewing Workshop\Video\Teacher 8)
During the subsequent lesson the researcher observed that delivering instructions as video (with both images and words) not only facilitated students’ understanding of their task but also supported the teacher in quickly obtaining their attention and interest. 
Furthermore, it was observed in the lesson itself that, prior to starting the activity, the students viewed the video clip several times in groups and discussed and clarified what they had to do. Even while constructing the simple voltaic cell, some groups revisited the video from time to time. The teacher also reported that she found she could devote more time for struggling students as a consequence of providing the instructions through a video clip.  

Theme 3 - Mobile phone images supported the teacher in assessing students’ learning, in identifying misconceptions and promoting dialogue to address them

Lesson implementation and Review Workshop data revealed that the images from the mobile phones in both still and video form supported teachers in assessing students’ learning both during and after the lesson implementation.  During lessons, the teachers assessed the students’ understanding of science by viewing the captured video recordings or images while the students were engaging in ongoing learning activities. For example, the teacher who conducted the lesson on ‘the simple voltaic cell’ reported:
While the students were engaged in the scientific experiment, I could assess them by viewing their videoed observation. By viewing what they had recorded, I was able to provide the necessary feedback to them. This was impossible without recording their observations, because as a teacher I can’t assess what all the groups are doing at the same time when there are several groups.
(Reviewing Workshop\ Views\Teacher 6)
During this lesson it was observed that viewing a group’s video clip of their experimental result enabled the teacher to provide further instructions if necessary and to ask the students to review what they had recorded in the light of the new information. This action was helpful to students’ science learning as they could identify their errors and correct them immediately. Being able to assess ‘on the fly’ through reviewing image or video enabled teachers to quickly correct students’ misconceptions. For example, also during the lesson on ‘the simple voltaic cell’, one group presented an erroneous observation which was quickly corrected through replaying the video. Similarly, during the lesson on ‘diversity’, when a student was presenting the dichotomous key prepared by their group to the class, having the mobile phone images to hand helped the teacher to correct a student’s misconception as shown in the following dialogue:
Teacher 15	Do you all agree with their classification of leaves? 
Rajitha	Teacher, Raja said papaya leaf as ‘pinnate’. It is wrong, isn’t it? 
Teacher 15	Do you think it is wrong? What do you think Gayan?
Gayan	Wrong, teacher. It is divided but has no ‘pinnate’.
Teacher 15	Rajitha, what do you think?
Rajitha	 The Papaya leaf is also divided. 
Teacher 15	Ok. Bagya [another group member] find the picture of the Papaya from your mobile phone and please give it to Rajitha
Teacher 15	Now view the karapincha leaf. You said in the presentation that it is ‘pinnate’. Can you see any difference?
Rajitha	Yes teacher. (Smiling) papaya leave is also divided. But not completely separated. So it (papaya leave) is not’ pinnate’.  
Teacher 15	Very good
(Implementing Lesson\Lesson 4\Video Files) 

It was further found that the teachers also used the students’ saved images and video to assess their learning after the lessons. For example, the teacher who conducted the lesson on ‘the simple voltaic cell’ reports:
As the students recorded the observations of the experiments and saved them in the mobile phones, after the lesson I viewed them and I assessed them. I asked the students to video the experiment setup as well. So, later I used the video clips to assess how each group had been engaged in the experiment. 
(Workshops\Day 4-Reviewing Workshop\Video\Teacher 6) (​..​/​..​/​AppData​/​Roaming​/​Application Data​/​Cyrusoft​/​Home PC​/​Application Data​/​Cyrusoft​/​Mulberry​/​Temporary Files​/​View Attachments​/​8c3fea4f-3eeb-4d42-a5cc-643ac2606309​)

In fact all the teachers described using mobile phone images and/or video that the students had captured during the lesson to assess their learning. For example the teacher who conducted the lesson on ‘environmental relationships’ and the teacher who conducted the lesson on ‘diversity’ reported that they had given a certain percentage for the captured images when assigning marks for group presentations.  Furthermore, the teacher who conducted the lesson on ‘household chemicals’ noted that later review enabled more time to be made available to assess accurately:  
I have the pictures that the students sent to my computer. I viewed them leisurely, and checked whether the students sent me the correct information that I requested.
(Workshops\Day 4-Reviewing workshop\Video\Teacher 4)
 
Discussion
Whilst at no time were the teachers encouraged during the original professional development initiative to choose the camera over other mobile phone functions such as SMS messaging, voice call, audio recording and internet access, the use of the camera was found to be central to all four science lessons that the teachers devised. This was particularly obvious in Theme 1 where students could bring images of the outside world into the classroom which was observed to enhance their science understanding and engagement. The attributes of mobile phones that supported the different tasks: teachers in facilitating, students in learning, in enhancing scientific content and in underpinning cognitive processes are summarised in Table 2. 

Table 2: Attributes and functions of mobile phones that particularly supported science teaching and learning
Description of the task	Attributes /Functions	Support for student learning	Support for teaching	Enhanced science concepts	Underpinning cognitive process
Bringing images from outside word into classroom (Teachers & Students)	Personal, Portable/ Camera, Bluetooth	To understand scientific concept using familiar images 	To create teaching aids;To view images recorded by students, provide feedback and  further instructions;To teach the concepts in a student known context	Household chemicals, understanding environmental relationships and diversity of leaves	Connecting concepts to situations and environments  known to students (Jonassen et al.,1994; Yager, 1989; Kress et al, 2001)
Capture images while discussing about their relevance to the lesson	Portable/Camera	Promoting dialogue and meaning making			Active processing of the information to be learned in both visual-pictorial and auditory-verbal channels (Mayer, 2003).
Watchful and careful examination of images before capturing	Portable, Personal/Camera	To improve observation skills			Development of students’ observation skills
Step-by-step instruction through a video clip	Portable/Video	To develop scientific skills;Students’ understanding of the process	To obtain students attention and interest;Enable more time to help weak students	The simple voltaic cell	Presentation of the information to be learned in both visual-pictorial and auditory-verbal channels (Mayer, 2003).




It appeared that the use of images from mobile phones helped students to understand scientific concepts in two ways. One was having the relevant image to hand at the same time while the teacher was explaining and the other was the students’ knowledge and contextual awareness that they had gained while capturing the images in an authentic environment. Indeed Braund and Reiss (2006) consider such ‘out of school’ science learning opportunities can make school science education both more valid and more motivating. In addition, being able to both view images and to discuss them as they were captured, shown informally to the teacher and presented more formally to the class appeared to facilitate students’ scientific understanding.  Having multiple modes of communication in the science classroom allows what is taken in, in one mode, to interact with what is taken in, in another (Kress et al, 2001). It is the teacher’s pedagogical challenge to ensure that the modes reinforce, as in the examples seen here of images promoting discussion and links to authentic contexts, rather than interfere with each other.  Kozma (2003) too considers that carefully designed visual representations embedded in authentic inquiry activities can provide students with the physical and social affordances that can support the scientific talk of students. This is also congruent with Mayer’s (2003) cognitive processing approach to the theory of multimedia learning; both discussing the images to hand on the mobile phones and presenting them to the class provided a meaningful learning opportunity where the learners engaged in active processing of the information to be learned within both visual-pictorial and auditory-verbal channels. In addition to this increased cognitive processing through dual channels, both presenting back to the class and discussing selecting images (for capture or for use in the presentation) with peers appeared to stimulate opportunities for reinforcing learning through revisiting the underpinning science concepts and repeated recall. This use of images as computational and memory tools (Jonassen et al., 1994) was also observed by Van Scoter (2004), Siraj-Blatchford (2006) and Lias and Thomas (2003).
 
In one particular lesson, on ‘the simple voltaic cell’, the use of video proved central to both the students’ understanding of their task  as the teacher issued a video clip to support the experimental instructions and the teacher’s awareness of the students’ understanding. Reviewing a group’s video clip of their experimental results enabled the teacher to correct a student’s misconception that may not have otherwise been spotted. The video was also particularly useful as it enabled students to revisit a fleeting event, a galvanometer deflection, exemplifying the ways that technology can augment the cognitive and social processes of scientific understanding by overcoming the limitations of our perceptual mechanisms (Kozma, 2000). The teachers also highlighted potential for further assessment of the students’ learning using the captured images and video as evidence. Having video recordings to hand allowed the teacher to open up a discussion that challenges the student’s own ideas, a process that Black et al. (2002) consider particularly important to addressing misconceptions in the science teaching context. 
However, the lessons did not always proceed as smoothly as planned, it should be noted that there were some problems encountered while using the mobile phones for image capture. During the Review Workshop teachers reported issues relating to their small screen size, insufficient screen resolution, low battery and restricted memory. Whilst these issues affected the continuity of students’ engagement as they had to go to the teacher for support or to check their images back against the original subjects they did not appear to detract very much, if at all, from the students’ learning experience.
Lastly, using mobile phone cameras could be seen to enable more than the use of images. For example, while the students were engaging in the homework task set for the ‘household chemicals’ lesson they had to read labels on bottles and packages, understand them, work out how photographing them would relate to the lesson that teacher described and make decisions as to whether to capture their images. This provided an opportunity for making learning more personally relevant which Yager (1989) points out should be key to any science curriculum. 
Lastly, whilst this study has focused on the particular learning opportunities provided by mobile phone cameras for teaching and learning in science, the three constructs characterising the pedagogy of mobile learning in general proposed by Kearney et al. (2012): authenticity, personalisation and collaboration can all be seen to have emerged here to differing extents. Kearney et al.’s (2012) authenticity construct which highlights opportunities for contextualised, participatory and/or situated learning has clearly dominated the teachers’ pedagogical approach which is consistent with the aforementioned need to make school science relevant for students. Their personalisation construct appears highly relevant, not only to the reported perceptions of greater student engagement when their own images were discussed but also where students exploring the school garden or their home used their own frames of interpretation to choose content that they found personally meaningful to photograph. However, the collaboration construct reported by Kearney et al. (2012) as capturing the often-reported conversational, connected aspects of using mobile devices appears here only as a product of the provision of a limited number of mobile phones and the teachers requiring the pupils to work in groups sharing the phones and not of the mobile phone functionality itself. It is to be questioned how much these or similar teaching arrangements contributed to the inclusion of the collaboration construct in Kearney et al.’s (2012) model. They themselves note how learners ultimately experience these distinctive characteristics is strongly influenced by the organisation of spatial and temporal aspects of the m-learning environment. Here spatial aspects included learning in the school garden and the home as well as the science classroom and temporal aspects were particularly relevant to Theme 3, assessment of student learning, with teachers able to view students’ video recordings at a time of their choice. 
Conclusion
This study explored how the still and dynamic image capturing functions of mobile phones together with their portability and personal nature can support science teaching and learning. From the teachers’ and students’ perceptions it appears that, in the four lessons observed, mobile phones enhanced students’ science learning in three key ways: by enabling teachers to bring the outside world into the classroom, to provide instructions for an experiment, to assess students’ learning and to correct students’ misconceptions. They also enabled the capture of previously invisible phenomena by encouraging closer observation than usual and enabling transient events to be recorded. However, like much of the previous research reported earlier, our results are largely reliant on teachers’ reports and further research would be needed before making conclusions about specific learning gains through mobile phone use. 
Recommendations arising from this study for such further research centre on the need for more investigations in different school contexts in order to explore whether the findings here are common or limited to this particular context. In particular there is a need to develop a more finely defined explanation for learning via images captured in locations known to the students in context of science teaching than the simple combination of processing channels afforded by multimedia learning theory suggested here. However, in the interim, we recommend that teachers consider asking students to use mobile phones or other handheld devices with similar functionality to support their science learning through image capture. As well as bringing the outside into the classroom they can be effectively used to record key learning events such as demonstrations and role plays in class for later playback to support further learning dialogue or even revision for examinations.
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Figure 1. Completing the poster by revisiting the galvanometer recording 















^1	  In Sri Lanka, schools are classified into four types: Type 1AB school (with classes up to grade 13 including A' Level science stream).Type 1C school with classes up to grade 13 but without A' Level science stream.Type 2 schools with classes up to grade 11 and Type 3 schools with classes up to grade 5.
^2	  students use the term programme for Photostory
